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J. W. BURNETT, M.D. AND JERRY S. SUTTON, M.D.t
Suspensions of molluscum contagiosum Cu-
taneous lesions produce a specific cytopathic
effect upon cell cultures prepared frcm various
primate tissue (1). In a recent study employ-
ing autoradiography and chemicals inhibiting
viral morphogenesis it was postulated that
this cytopathic effect was mediated by a toxic
phenomenon acting upon the cell membrane
rather than intracellular virus replication (2).
The factor responsible for the molluscum cyto-
pathic activity (MCA) could not be diluted
more than 1000 fold; was destroyed by heat,
acid and trypsin; was neutralized by serum
from guinea pigs immunized with molluscum
suspensions; could be dispersed with light
sonication and was able to pass a 450 mp.
filter (1, 2). These characteristics suggest that
the factor producing MCA is either the
molluscum virus itself or virus associated ma-
terial.
In this report alterations of primary human
amnion cells produced by molluseum suspen-
sions were studied with the electron micro-
scope.
MATERIALS AND METHODS
Molluscum lesions from three patients were
harvested and suspensions were prepared accord-
ing to previously described techniques (1). All
specimens were sanicated for 30 seconds and stored
in Eagle's medium containing 15% fetal calf serum.
Leighton tube cultures of trypsinized primary
human amnion cells (PHA) were nourished with
1.5 ml Eagle's medium and were incubated at
350 C in a roller drum (3). All titrations of MCA
were performed in 8 to 24 day old amnion cell
cultures. Serial two-fold dilutions of the molluscum
suspension were prepared in Eagle's medium and
02 ml of each inoculated into PHA cultures. Titers
were indicated as cytotoxie units (CU), a value ex-
pressing the reciprocal of the maximum dilution
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(before inoculation into cultures) which produced
detectable MCA. All titrations were read at 48
hours. The culture medium in these experiments
was changed at 5 to 7 day intervals. Each culture
was followed daily by light microscopy.
Electron Microscopy
Cultures were fixed, dehydrated and embedded
in Araldite in situ, sectioned in a Porter-Bloom
microtome (MI or MT-2) with either a glass or
diamond knife, mounted upon bare grids and
stained with either a saturated solution of hot
uranyl acetate or lead hydroxide or a sequential
combination of the two (4). Sections were ex-
amined in a RCA-EMU3H electron microscope.
RESULTS
Three types of culture were examined with
the electron microscope: (1) normal cultures
of primary human amnion cells, (2) cultures
inoculated with suspensions of molluseum eon-
tagiosum, and (3) control cultures receiving
equal concentrations of human foreskin sus-
pensions. Specimens were examined at 1, 24,
and 4S hours, and 24 days after inoculation
with the skin-virus suspensions.
Normal Primary Human Amnion Cells
(Figs. 1 to 5)
Figures 1 through 5 demonstrate the ultra-
structure of a normal primary human amnion
cell in tissue culture.
Control Cultures Receiving Suspensions
of Foreskin
The only difference noted between these
cultures and the normal cultures is the presence
in certain cells of variably-sized phngocytotie
vacuoles containing pieces of degenerating
skin.
Amnion Cell Cultures One Hour
after Inoculation
No obvious changes in fine structure were
detectable one hour after inoculation of
molluscum suspension regardless of the dose of
the inneulum. No viruses were present within
the cytoplasm of these cells.
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Key to Abbreviations
Ab Amorphous body I Inclusion
Ag Aggregate L Lipid
AgM Mitochondrial Aggregate Ly LysosomeAv Autophagie Vacuole MVe Micropinocytotic Vesicle
Ce Centriole My Myelin FigureCr Chromatin Nu Nucleolus
Cm Cell Membrane N Nucleus
D Desmosome P, NP Pore or Nuclear Pore
Fl Filament R PolyribosomesG Golgi Region RNP Ribonucleoprotein, Ribosome (free)
Ger Granular Endoplasinic Reticulum Sp Spinous projectionGr Graoule V Vacuole
CVe Golgi Vesicles Ve Vesicle
Vi Villi
Fm. 1. The ultrastructural organization of a primary human amnion cell in vitro is
demonstrated. Central nuclei contain finely granular, evenly dispersed nuclcoplasm with
one or more nucleoli. The perinuclcar cytoplasm contains numerous mitochoodria, lyso-
somal granules, and a well-developed multiccntric Golgi apparatus. Granular ER and poly-
ribosomes arc abundant. A peripheral zone of cytoplasm has an extensive network of
tonofilamcnts. >< 11,980.
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Fio. 2. In this nucleus (N) the nucleoplasm is finely granular and evenly dispersed. A
very narrow marginal ring of heteroehromatin (Chr) lies immediately subjacent to the
nuclear membrane. A prominent nucleolus (Nu) contains electron dense ribosomal particles
and portions of the nucleolenema are visible. Finger-like cytoplasmic intrusions (Cy)
into the nucleus form a Y-shaped configuration above the nucleolus. X 19,675.
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Fie. 3. Perinuclear cytoplasm. Channels of granular ER (Ger) are dilated by electron
dense synthetic material. Free RNP particles (RNP) abound. Mitochrondria may be
branched (M) but cristae show an orderly arrangement. Lipid droplets (L) and lysosomal
bodies (Ly) are present. Loosely arranged cytoplasmic tonofilaments (Fl) contain channels
of ER (Ger) and ribosomal particles in their interstices. X 43,625.
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Fie. 4. Peripheral cytoplasm: Adjacent cells are anchored to each other by numerous
desmosomal attachments (D) upon which converge cytoplasmic tonofilaments (Fi). Micro-
pinocytotic vesicles (MVe) are abundant in the cell membrane between desmosomes. X
24,600.
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Pa t Cell membrant Multiple dcosomes CD) bind this noun of cells togflber.
Unattached areas of cell membrane bdr,an desnosomes are villiform (Vi). Mieropino-
qtotlc veScks (MY.) ass numsrons. The nae of extra-cellular (P1) seen
as punctate dots in transverse section near viffi () is unknown. X 26630.
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Fm. 6. Detail of nucleus and nucleolus. A portion of nucleolus (Nu) is seen along the
right one third of this micrograph. Spherical particles within measure 125 to 175 A in
diameter. In the left two thirds, densely stained nucleoplasm tends to aggregate (dotted
line). Several irregular amorphous electron-dense particles (Ag and arrows) measuring
up to 35 mp in diameter) are present within these aggregates. The cytoplasm of this cell
showed no abnormalities. X 73,425.
Amnion Cell Cultures 24 and 48 Hours
ofter Inoculation of Molluscum
Suspension
The molluseum affected cells will be divided
into three groups according to the degree of
eytopathology and the sequence of its appear-
ance in cultures. These groups include cul-
tures showing: (1) the earliest detectable
ultrastruetural alterations, (2) intermediate
ultrastructural alterations, and (3) maximal
ultrastructural alterations. No definitive virus
particles were found within the affected cells
of any graup.
1. Early Ultro.structurol Alterations (Figs. 6—
7)
Tim earliest detectable alteration after ex-
posure to molluscum suspensions consists of
the focal appearance within the nucleus of
amorphous, electron-dense aggregates of ma-
terial which measure up to 35 ms in diameter
(Figs. 6 and 7). A smaller, possibly earlier
j,%_!: ; II
FIG. 7. Nucleus and perinuclear cytoplasm. Coarse aggregates of densely staining nucleo-
plasm (dotted line) contain several dense, amorphous bodies (Ag). Three are surrounded
by electron-lucent material which forms a halo. Cytoplasm adjacent to the nucleus is
rarefied due to loss of cytoplasmie organelles (*). Cell membranes (CM) of this and the
adjacent cell is thickened. Compare the nucleus of this cell with that of a normal cell in
Figure 2 or 3. X 69,175.
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stage of these structures is made up of par-
ticles which measure 15 mt in diameter. The
largest forms are surrounded by a clear zone
which constitutes a distinct halo (Fig. 7). No
abnormality is noted within the nucleolus.
Nucleolar particles measure 110 to 150 A in
diameter. The nuclear membrane is intact.
The cytoplasm of cells showing these early
nuclear alterations appears normal with the
electron microscope.
Later, nuclear abnormalities are more ad-
vanced and are accompanied by eytoplasmic
changes (Fig. 7). Within the nucleus an in-
creased number of particles, which measure up
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to 32 my. in diameter, is observed. Large, ir-
regular aggregations of dense ehromatin ap-
pear randomly throughout the nucleus. Many
of these coarse aggregations contain dense par-
ticles with babes (Fig. 7).
Several changes are noted in the cytoplasm.
These consist of a disappearance of granu-
lar ER, ribosomes, and tonofilaments as well
as lysosomal bodies (Fig. 7). Many channels
of the granular ER contain a slightly electron-
dense substance (Fig. 7). Aggregates of the
Golgi membranes arc not as prevalent as in
normal cells. Many mitochondria exhibit
signs of early damage, with areas of rarefac-
tion in the matrix. Cristae arc reduced in
number in the majority of mitochondria. An
occasional aggregate of mitochondria is seen
(Fig. 7). Fat droplets are slightly more preva-
lent in these cells.
2. Cell Demonstrating Intermediate Ultra-
structural Alterations (Figs. 8 to 10)
Cytoplasm. Multiple large vacuoles appear
(Figs. S and 9). These structures contain walls
composed of multiple centripetally oriented
villiform processes.
Nucleus. The nuclei are vesicular and con-
tain a single enlarged nucleolus. Nucleoplasm
is virtually absent. Regions formerly occupied
by chromatin contain an amorphous stringy
material. Islands of densely staining particles
(up to 150 A in diameter) are distributed
throughout the nucleus. Nuclei showing early
rarefaction of nuclcoplasm have a centrally
located nucleolus. As the nucleolus is enlarged
by aggregations of satellite groups of par-
ticles, it marginates (Fig. 5). The end stage
appears to be a condensation of the entire
nucleolus creating an extremely electron-dense
structure. A thin irregular rim of densely
staining chromatin is located along the inner
nuclear membrane (Fig. 5).
Mitochondria. A variety of ultrastructural
alterations are present within mitochondria.
Many have single outer membranes with
double internal parts (Fig. 9). Others lack
internal contents (Fig. 9). A third type is
cystic with the matrix and cristae pushed to
one side (Figs. 9 and 10). Degenerating mi-
tochondria show a myelin-figure arrangement
of membranes.
Endoplasmic reticulum. The granular ER is
severely affected. Many cystic channels contain
electron-lucent material.
Lysosomes. A few scattered forms resembling
lysosomal bodies are seen in the cytoplasm of
affected cells.
Golgi apparatus. The Golgi apparatus is
affected to such a degree that only an occa-
sional one can be positively identified. The
Golgi membranes become vesicular and dis-
perse in most cells (Fig. 8).
Cell membrane. Micropinocytosis is not
present. The middle portion of desmosomes is
widened. Many desmosomal attachments are
completely disrupted.
3. Cells Demonstrating Maximum Ultrastruc-
tural Alterations (Fig. 11)
The nuclei contain massively enlarged nu-
cleoli (Fig. 11). Large amorphous aggregates
similar to those described in earlier cells
(Figs. 6 and 7) arc situated focally within the
nucleus (Fig. 11). The aggregates measure up
to 180 my. in diameter and many possess a
halo. Only two cytoplasmic organdIes can be
identified with certainty: the Golgi apparatus
and mitochondria. Mitochondria present two
distinct forms. In one form the matrix is
clectron-lucent and abundant. Cristae are nor-
mal but reduced in number. A second form of
mitochondrion is condensed. The matrix is
contracted, leaving large, irregular, electron-
lucent areas alternating with electron-dense
areas. Granular ER, RNP particles and ribo-
somes arc not present. Fat droplets are nu-
merous.
Control Cells, 24 Days after Inoculation
(Fig. 12)
The only fine structural difference noted be-
tween these control cells and those described
earlier (Figs. 1—5) is the presence within the
cytoplasm of an increased number of dense
membrane-bound inclusions, representing se-
nescent mitochondria and autophagic vacuolcs.
"Recovered" Cells, 24 Days after
Inoculation (Figs. 13—15)
Even though cells in many cultures were as
severely altered as those described above, some
of them returned to a normal appearance by
light microscopy. Surviving cells in several
cultures reverted to a normal morphology by
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Fic. 8. Nucleus and perinuclear cytoplasm. This nucleus shows greater loss of chromatin
and massive enlargement of nucleolus. Particles within nucleolar mass range up to 160 A
in diameter. Satellite aggregates (Ag) of deose staining particles (125—160 A in diameter)
may be joining nucleolar mass as it marginates toward nuclear membrane. Mitochondria(M) are severely damaged. Cytoplasmic membrane systems are conspicuously absent.
Several cytoplasmic cysts (Vac) contain numerous villiform projections of cytoplasm.
See Figure 12. >< 26,450.
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FIG. 9. Cytoplasm. Several large empty vacuoles are visible. Multiple villous projec-
tions of cytoplasm are present within two cysts (Vac 2 and 3). Mitochondria are ex-
tensively damaged. Ml demonstrates a bipartite core surrounded by a single outer mem-
brane. M3 shows less matrix and cristae. Other forms are seen in Figure 13. A small
aggregation of Golgi vesicles (GVe) is present. X 24,000.
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FIG. 10. Mitochondria. These mitochondria show a loss of matrix and vacuolation.
Cristae are reduced in number. Many cristal membranes appear to be randomly arranged(Ml). Structureless material is adherent to the outer membrane of Ml. M2 and M3
contain irregular aggregates of structureless dense material. Numerous tonofilaments (Fl)
sweep through the cytoplasm. X 81,400.
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Fm. 11. Maximum CPE cells. This group of 3 cells exhibit severe fine structural ab-
normalities. Nucleoplasm (N) is severely damaged and forms a stringy network. The
nucleolus (Nu) is large and structureless. One electron dense aggregate with halo (Ag) is
seen in nucleus of the middle cell. Several others, without halo, are present (arrows).
A Golgi apparatus (GVe) is barely recognizable. Mitochrondria (M) are still recognizable.
x 19,100.
24 days after introduction of the molluscum
suspension. Examination of these cells with the
electron microscope revealed many ultra-
structural abnormalities.
Nucleus. The nuclei of these cells have a nor-
mal electron microscopic appearance (Fig. 13).
They contain small focal areas of rarefaction.
Usually a single nucleolus composed of densely
staining particles (up to 160 A in diameter)
is present (Fig. 13). The nuclear membrane
appears normal.
Cytoplasm. The cytoplasm of these cells
shows alterations in the mitoehondria, ER and
and the Golgi apparatus (Figs. 13 to 15). A
reduced number of tonofilaments was noted.
Only an occasional desmosomal attachment
binds adjacent cells (Fig. 13). Fat droplets
are abundant (Figs. 13 to 15).
Mitochondria. The mitoehondria present a
spectrum of forms (Figs. 14 and 15). Only a
rare mitoehondrion is orthodox in structure.
The majority of forms contain a double mem-
Nu
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Rio. 12. Control amnion cells—24 days. An increased number of dense inclusion bodies
(Gr) in the cytoplasm (senescent mitoehondria and autophagosomes) distinguish this cell
from earlier control cells. Compare with Figure 2. Note macropinocytotic activity of cell
membrane. X 19,475.
brane with cystic internal portions containing
scattered bits of electron-dense material. Others
have one or more large cysts which push the
remaining cristac toward one side. Branching
cristae nnastomose with each other to form a
continuous network. Other mitochondria eon-
tam myelin figures of membranes within a dou-
ble outer membrane.
Golgi apparatus. The Golgi apparatus in
these cells is small (Fig. 14).
Endoplasmic reticulum. The ER of these
cells is highly abnormal consisting of anasto-
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Fjo. 13. Binucleate cell. The nuclei of this cell appear almost normal. Nucleoli (Nu)
are more homogeneous in density and more circumscribed than in control cells. Nucleo-
plasm is more dispersed. Cytoplasmic changes affect every organelle. See Figures 14 and 15.
Only an occasional desmosome (D) attaches these cells to each other.
mosing short, vesicular to sausage-shaped forms DISCUSSION
studded with RNP particles (Figs. 14 and 15). Molluscum contagiosum suspensions produce
Many are minimally dilated by electron-dense marked ultrastructural abnormalities in cul-
contents. tured amnion cells. These include: massive
No intracellular form of virus was detectable hypertrophy of nucleoli; dispersion and dis-
within these cells, appearance of chromatin; a reduction in tono-
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Fm. 14. This survey of the cytoplasm reveals abnormalities of mitoehondria (M), endo-
plasmic reticulum (Ger), Golgi region (G) and tonofilaments. >< 18,925.
filaments, granular ER and lysosomal bodies;
swelling, fragmentation and degeneration of
mitoehondria; degeneration of the Golgi ap-
paratus and disruption of desmosomal attach-
ments. None of these eytoplasmic abnormal-
ities is resolvable by light microscopy. With the
light microscope only increased eosinophilia of
the cytoplasm and frequent amitotic nuclear
divisions can be detected. (1)
Data from previous experiments suggested
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Fie. 15. Nucleus and perinuclear cytoplasm. In addition to cystic changes mitochondria
show polymorphism and abnormal disposition of cristae (Ml). Branching of interconnec-
tions of cristae form a continuous network which is often pushed to one side of the
mitoehondrium by large cysts. Nueleoplasm (N) and nucleolus (Nu) demonstrate changes
outlined in Figure 13. X 37,283.
that molluseum suspensions alter amnion cells
by a cytotoxio reaction rather than by replica-
tion of intracellular virus. (2) Radiolabeled
thymidine introduced simultaneously with the
suspension was not incorporated into the
cytoplasm of altered amnion cells. Chemicals
which inhibit virus morphogenesis, such as 5
iodo-2-deoxyuridine and isatin beta thiosemi-
earbazone, did not prevent these cellular
alterations. Additionally the MCA titer of the
nutrient fluids was not decreased despite the
fact that large numbers of cells in the inocu-
lated cultures were altered. Furthermore in this
study no recognizable form of poxvirus was
detected within amnion cells any time after
inoculation. This finding confirms data from
previous experiments employing isotopes and
viral inhibiting chemicals and supports the
hypothesis that the cellular alterations pro-
duced are the result of an as yet unidentified
eytotoxie principle.
SUMMARY
The eytotoxie effect of suspensions of
molluscum contagiosum skin lesions upon pri-
mary human amnion cells in tissue culture
was investigated by electron microscopy. No
recognizable intracellular forms of poxvirus
were detected at any time after inoculation.
Cells examined one hour after inoculation ex-
hibited no obvious changes in fine structure.
The appearance of dense nuclear aggregates
was the earliest detectable alteration. Subse-
quent alterations included: massively en-
larged nucleoli; dispersion and disappearance
of chromatin; a reduction or disappearance
of tonofilaments, granular ER and lysosomal
granules; swollen, fragmented mitochondria;
vesiculation and dispersion of the Golgi ap-
paratus; and appearance of large eytoplasmic
vacuoles. In maximally affected cells granular
ER, RNP and polyribosomes, lysosomal gran-
ules and tonofilaments completely disappeared.
Only severely altered mitoehondria, an occa-
sional aggregate of Golgi vesicles and the
nucleus remained recognizable. Desmosomnl
disruption, widening of intercellular spaces
and cell separation occurred. Varying degrees
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of cytopathologic effect among cells of the
same culture were observed. These findings sup-
port the hypothesis that the molluscum cyto-
pathic effect is not dependent upon the pres-
ence of infectious intracellular virus.
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ANNOUNCEMENT
Vth International Congress on Photobiology
The Vth International Congress on Photobiology will be held in 1968 (Au-
gust 26—31) at Dartmouth College, Hanover, New Hampshire, U.S.A. The
Second Announcement of the Congress is now available. It contains detailed in-
formation on the Congress and application forms for registration and presenta-
tion of papers. The Announcement or further information may be obtained by
writing to the SECRETARIAT, Vth International Photobiology Congress, Argonne
National Laboratory-202, Argonne, Illinios 60439 U.S.A.
The present quadrennial meeting, sponsored by the Comité International de
Photobiologie, will be under the auspices of the United States National Acad-
emy of Sciences, and organized by its Committee on Photobiology. Sections of
the Congress will emphasize topics under the categories of:
Photomorphogenesis
Phototropism and phototaxis
Vision
Rhythms
Instrumentation and action spectra
Repair mechanisms
Interactions of ionizing and nonioniz-
ing radiations
Photochemistry
Photodynamic action
Photosynthesis
Bioluminescence
Photochemistry of macromolecules
Photodermatology including carcino-
genesis
